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Section I 


Publications 


Publications supported wholly or in part by NGL 05-003-003 during the 
period May 1, 1975 to October 31, 1975: 

Kerogen — A Ubiquitous Source of Organic Carbon, 

R.P. Philp, preprint. Scientific American, 1975. 

Kerogenous Material in Recent Algal Mats at 

Laguna Mormona, Baja California, R.P, Philp 
and M. Calvin, Proc. 7th Inti. Meet. Organic 
Geochemistry, Madrid, September 1975. 

Kerogen Structures in Recently-Deposited Algal Mats 
at Laguna Mormona, Baja California: A Model 

System for the Determination of Kerogen Struc- 
tures in Ancient Sediments, R.P. Philp and M. 

Calvin, Proc. 2nd Environ, Blogeochem. Conf., 
Burlington, Canada, April 1975. 

Copies of these publications are available upon request from Professor 
M. Calvin. 


Section II - Progress Report 


• TASK C. AJIALYSIS OF ORGANIC tiATTER IK SEDIMSIITS AKD !gT£ORIT£S 
AND PALEOCr^lICAL STUDIES OF EXTINCT MID COTr?£f-gQHARY LIFE FOFi^tS 

Cl . Introduction 

In the past year the main research effort of the Organic 
Geochemistry Group has been changing from the Mono Lake studies 
to a more detailed study of the insoluble organic material present 
in the algal mats at Laguna Mormona, Baja California. Detailed 
reports of the Mono Lake studies have appeared in our last two 
progress reports and a preliminary report of the Laguna Mormons 
study appeared in last year's report. 

The Laguna Mormons study is the mainstay of our collaboration 
-with the Organic Geocheadstry Unit at the University of Bristol 
at the present time. The Bristol group has been examining the 
soluble lipid fractions and here at Berkeley ve have been examining 
the insoluble residues remaining in these algal mat samples after 
exhaustive extraction. We have expanded our collaborative efforts 
to obtain some very valuable assistance from Dr. Stanley Awramik 
of the University of California at Santa Barbara. Dr. Awramik 
is a palaeontologist whose main interest is in Pre-Cambrian aiorofossils 
and their comparison with contemporary blue-green algae. He 
accompanied us on two field trips we made to Laguna Momona during 
the past year and his expert advice in the field has been invaluable. 

We hope to continue 'our collaboration with him during the coming 
year. 

The examination of the sterol content in the stratigraphic 
column from Mono Lake has been completed. 





A short stud^ is now being performed on a series of six 


identical sediments collected from Mono Lake vhich have been stored 
under different conditions. The rationale behind this stu^ vms 
to see if any changes vould be observed in the lipid distribution 
patterns as a result of differences in sample storage conditions. 

In leaay geochemical studies very little attention is paid to stora^ 

conditions and samples are frequently collected and allowed to 

sit at room t«!Q>erature under aerobic conditions, whereas they 

may have been collected frcmi an anaerobic environment at a much 

lower temperature. Althou^ it is a tedious business, baseline 

studies such as these must be performed to get some idea about 

the variations to be expected when saa^les are stored imder conditions 

different from those of their natxiral environment. Resxilts from 

a similar study to this have been published previously, but it 

was a very l i m it ed study and the results were not very comprehensive.^ 

In last year's report it was described how approximately 
seventy strains of bacteria had been isolated from some Recent 
Mono lake sediments. Over the past year five of these strains 
have been cultured in bulk quantitic*’ and the sterol fractions 
^om th«a have been isolated and analysed by the usual methods. 
Significant differences have been observed in the sterol content 
of these five strains. This adds further support to the utility 
of the sterols as a chenotaxonoaical tool in distinguishing and 
classifying these particular bacteria, and perhaps the rest of 
the Monobacteriua collection. 

The work on finding more sophisticated reagents and techniques 
for the solubilisation of kerogens I’roa the Green River shale 
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kerogea has had to temporarily suspended due to the graduate 
student wrking on the project transferring to another group. 

fHnftiiy the data system which is interfaced with our 
gas chr<m^togra|^Hi^s spectr(»aeter has been further updated 
)3iy the a^iti^ of a Versatec printn'/plotter. This unit replaces 
the Tektronix hard eo^ unit installed with the original data 
system. It is anticipated that this will is^rove the standard 
of hard copy ^odticed by the data system and will also be more 
economical to run. 

C2. Aceoaolishments of Past Year and Current Status 

(A) Degradation of the insoluble organic material Isolated 
from the algal mats and oozes at Laguna Mormons, Sa.ia 
California 

Lag\ina MormojMi offers an excellent site to study blue, 
green, and blue-green algae %diich ere commonly regarded as ancient 
precursors of easy higher life forms. The area contains examples 
of reletiTcl^ recent algal mats which have been deposited over 
the past five hundred years. It is a discrete ecosystem, consisting 
predominantly of bacteria and algae living in an environment aiiMst 
totally free from present-day pollution. It is essential that 
areas such as these are subjected to multi-disciplinary geochemical 
examinations for use as unpolluted baseline studies. 

An examination of various geochemical aspects of samples 
from this area form the major part of the collaboration between 
the Berkeley and the Bristol groups. One of the major aims of 
this Joint project is to obtain more detailed information about 



the relationship "between soluble lipid Eaterial and kerogea in 
this type of algal oat envlroreent, and on a such longer tlse 
scale the possible aechanisa of formation of petroleum in this 
type of environment. 

The work on soluble lipid material is described elsewhere 
in this, report and in this section we shall concentrate on the f 

t 

results frcaa our degradation studies of the insoluble kerogen-like i 

t 

siaterlal present in these algal mats. The rationale for our part 
of the study is based on the fact that in many ancient sediments 
and oil shales a large part of the organic matter is derived 
troa blue-green algae. Over a period of several million years 
the majority of this material has been incorporated into the 
insoluble kerogen fraction. It was anticipated that since the 
alr'C mats at Lagoaa Hcrmona are geologically very young fijay 
kercgen-iike material present in the mats should be structur ally 
less complex. Therefore by examining such samples, valuable 
information about the method of formation and the structure of 
kerogen should become available. 

In last year's report, preliminary results were presented 
from a study of one sample of algal ooze obtained using a box 
coring device at a depth of k - 6”. Since that time two other 
samples taken from immediately above that sample have been examined 
providing us with a- short geological sequence through the mats 
and oozes. These three samples of increasing age enable us to 
determine whether or not there are any changes in complexity 
of this insoluble material with increase in sample depth. 

All three kerogen-like sa.mple3 {S3- 3* S3. 2, and S3-1 — 


S3«3 being the youngest and S3.1 the oldest sample) were isolated 
fyoa the algal mats and ooses by treatment first with 6HHG1 to 
remove ai^ inorg^ic carbonates. Since it fotind that these 
samples were predominantly carbonate, they were not further treated 
with hydrofluoric acid to rmi^ve any silicates which might have 
been present. The acid-treated ssmples were ejdiaustively extracted 
with toluene/methanol, toluene, and methimol for a total period 
of two weeks and subsequently dried under vacuo. 

The residues obtained in this manner have so far been 
subjected to two types of degradation, i.e., oxidation and pyrolysis. 
It is anticipated that in the coming year they will be subjected 
to reduction using a variety of reagents. 

(i) Oxidation 

The residues from all three samples were degraded by 

2 

chromic acid oxidation using the method Burlingame and Sinonelt 
used in their stepwise degradation of kerogen isolated frcm the 
Green River shale. The results from our degradations are illustrated 
in Figures 1 end 2. Figure 1 shows the gas chromatograms of the 
total normal acid fractions (as methyl esters) obtained from 
the oxidation of the three samples. These acids \^re isolated 
from both the spent chromic acid and also the oxidized residue 
by heptane and ether extractions. The extracts were subsequently 
combined after they had been subjected to urea adduction. Figure 
2 shows gas chromatograms of the heptane soluble branched/cvclic 
acids (as methyl esters) from the three oxidation mixtiires. 

The ether soluble branched/cyclic acids were not cxerlned by gas 
chromatography or combined gas chromatography-mass spectrometry 
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dut to tbe very low yields obtained of these fractions. 

The acid fractions %^ose chroaatograios are shovn in Figure 
1 are do&inated Isy vai'ying amounts of tt^ aeries of normal acids* 

Tlie fraction tr^ S3 *3 is d^&inated by a hos^logous series of 
a»noearbo:^lie acids, in the range vith a maximiim at 

A series of a,ti>-dicarboxylie ^ids is present in minor 
a^^unts ifith a maximum at C^, in the range Cj - C^q* Ho*^ver 
the l^Mtions from S3 *2 aM 83*1 are l»th doainated 1;^ Ci&j-dicarboxylic 
acids, vith the maximum in the fraction from S3. 2 being at Cg ' 
and from S3.1 at C^. The faction from S3.1 is more complex than 
either of the fractions frcmi S3 >2 or S3. 3 with euiditlonal series 
of o-nethyl monocarboxyHc acids and mono^ethyl dicarboxylic 
acids present in the mixtures. 

The heptane soluble branched/cyclic acids, vhose chromatograms 
are shown in Figure 2, do not show the same increase in c^jplexity 
vith increasing sample depth. The variations in distributions 
of the isoprenoid acids is clearly shown in these chromatograms. 

The origin of these isoprennid acids is uncertain and ve can only 
speculate on several alterantive theories. They could have been 
trapped intact in the kerogen nucleus during its formation but 
partial degradation of the kerogen matrix oxidation may have 
released these acids with their structures unchanged. Alternatively 
they cay have been formed by random oxidation of carbon-carbon 
bonds, or they nay have been ester-lir-ked to the periphery of the 
kerogen. It has been shown in degradation studies of kerogen 

3 

from the Green River shale that the storeochemistries of the 
isoprenoid acids fcm'ed are compatible vith their bt*in^ derived 



^oa the side chain of chlorophyll. We have so proof at the 
present tise to show that the situation is slailar in the case 
of these alged aats. However it is noteworthy that the distribution 
of the isoprenoid acids in S3.D is similar to that found in the 
foten River shale, with the aaxisrum being a 

In conclusion therefore it a^ars from these oxidative 
degradation studies that there Is kerog^-llhe saterial in these 
algal sat deposits which has certain structural similarities 
to Base ancient kerogens. The increase in cosplexity of the 
degradation products observed with increasing sai^le depth suggests 
that it may be possible to determine the initial reactions responsible 
for the kerogen fOTeation ty using this type of model system. 

Froa our results it appears that the basic framewrk of the 
kerogen consists of cross-linked polymetl^lene chains, with 
additional corsuil, Isoprenoid and o-methyl branched acids attached 
to the peri^ery of the matrix. 

(ii) Pyrolysis exoerlcects 

The kerogen-like residues isolated tram the algal mats 
were also subjected pyrolytic degradations at vaiying tesgseratures 
Md for varying periods of time. The elao^tat of structiiral information 
obtained from this type of degradation stu^ is minimal. It 
allows you to determine whether or not the material is predominantly 
aliphatic or aromatic in nature, but gives little Information 
on the type of linkages between the various compounds which sake 
up the basic kerogen matrix. 

The pyrolysis experiments were performed over the tespersture 
range 100-Uoo° and for tise periods varying from 5 nins to 20 



hours. Ths products were collected in toluene and after urea 

adduction, analysed "by gas chroiesto^aphy and coabined gas chreaatograpi^- 

aass specti^etry. In the saaples analysed to date the products 

have been d^ainated by series of n-alkanes and n-alkene$ la the 

range to Cg^ with aaxiisim at and with no apparent o^-evea 

pred«ninanee. 

i^.though the work is still in its preliminary stages, 
as r- initial observation it can he said that the products obtained 
are siailar to those obtained froa the kerogens of Precasibrian 
samples such as the Fig Tree series. The products oiir 
experiments were also alz^st exclusively aliphatic, again shoving 
that algal kerogens have a predominantly aliphatic structure. 

In view of the similarity between these products and those of 
their ancient coxinterpwts it is anticipated that a more detailed 
eoxparison between the results tram, the algal mats mid Precsmbrlan 
ssaples will lead to valuable information about the chmsical 
nature of blue-^eea algae present in the Precsmbrlan era. 

Ill Mono Lake studies 

The past year's studies of .-tono Lake have taken two directions; 
first, a study of the effect of storage conditions on the stertil/stanol 
content of a recent snnl, PI-W-2*; second, an examination of the 
sterol content of several strains of bacteria froa our Monobacterium 
collection. These' studies have been prospted by ttre features. 

First, until recently, little attention has been paid to the 
effect of storage conditions on the organic content of Recent 
BUds, perhaps because it vas nelieved that the dia^enesia of 
source CK»lecules is a long-term process.^ hecont studies, hovev-r. 
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indicate tbat the process begins ismedlateljr on tbeir iscorpormtion 
h 5 

into ft mud* * As bas been sbovs in this study » storage conditions 
pli^ a Ycry iaportnnt part in lipid distribution patterns* 

Second I ova increasing interent in the contribution of ffono 
Iiake*s bacteria tc the sediaefit*8 source sterols. 

A Beeent cud, K-W-2*, collected 15*2 meters fr<na Paofca 
Island in 1.2 meters of vater vas processed or stored under six 
different e^ditions, as outlined in Table 1. In the first 
three entries the muds vere processed iicaedlately to quench 
bacterial actiTity, t.tdle the last three sas^les vere incubated 
for ten months, allowing bacterial diagenesis to proceed* The 
results reveal significant differences between tie tw^ ^oups. 

In the second group the total sterol tooIs are substantially 
Inwer, whereas the stenol/sterol ratios are higher. The higher 
ratios indicate that the unsaturated sterols are indeed being 
reduced, whereas the lower pools reveal that the molecules are 
also being traasfoined into other types of compoxmds. Closer 
exasimation of the second gyoup also reveals that the pools 
are lower, esd the stanol ratios higher, for those muis stored 
aerobically. UhoMt the diagenesis, both into stands and other 


molecules, apparently occurs preferentially \inder aerobic condtioss 
Closer examination of the first group Indicates that 
eves the conditions of immediate processing and extraction will 
affect the organic content of the extract. Solvent extraction 
of the dried snni, coupled %rith sonlcation, seems to be more 
efficient in removing the total sterols, though the ratios are 

g 

not apprecisbiy aff-?cted. Finally, -osparl'jon of the mud storr.1 
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Is i-^OH with tbe second group reveais that 1-P^H is ef-feetive 
is ishihiticg diegenesis, presuaahly by quenching bacterial activity. 

In li^t of the fact that oore sterol diageaesis, which 
is an index of bacterial activity, oectjrred aerobically in the above 
study, we elected to culture the strains for our bacterial studies 
aerobically. Preliainary studies on a nixed cultinre of facultative 
ana^obes revealed the inresenee of several unsaturated sterols 
(Figure 3) indicating that the bi^terial iK^F^ation of !^no Leke 
contributes to the pool of source sterols. Subsequently ve selected 
five strains fraa our collection of facultative anaerobes and 
cultured then in bulk. After extraction and work-up, we obtained 
a aterol pool is three ftactions: free sterols, easily extracted 
froa the bacterial cells; esterified sterols, essl3^ extracted 
but requiring alkaline hydrolysis after extraction; and finally 
found sterols, bound to the cell debris tod requiring alkaline 
hydrolysis jn-ier to extractioc Exaainstion of the results obtained 
to date is Table II reveals that ?'tonobacteria do indeed contribute 
unsaturated sttools to the source pool* 

As Table III illtistrates , exsalnstion of the bound sterol 
fraction revealed the absence of any sterols is aost of the strains. 
Pins a, however, contains a trace cholesterol, b Is the only 
strain which contains cuastitative levels of several species. 
Analysis of the sterol ester fraction is still in process, but 
preliminary results indicate the presence of sterols. 

Evalt^tion of the results for the free sterol fractions 
of the various straina reveals substantial variations in the 


and thflir relative abur. 


levels of sterols, the types found. 
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Publications 

1. Philp, R.P. . Maxwell, O.R. and Eglinton, G. Envi roi- .i^ntal 

Organic Geochemistry. Submitted to Science Progress. 

2. Toste, A.P. , Steel, G. , Philp, R.P. and Calvin, M. (1974). 

Incorporation and microbial d1 agenesis of sterols 
in Recent sedin^nts* Presented at the 1974 Annual 
Meeting of the Geological Society of Araerica, Miami, 

November 1974. 

3. Cardosa, J., Brooks, P., Eglinton, G. , Goodfellow, R. , 

Maxwell, J.R. and Philp, R.P. Lipids in recently deposited 
algal mats at Mormona, Baja California. Presented at 
the Second International Symposium on Environmental 
Biogeochemistry in Ontario, Canada, April 1975. To 
be published in the Proceedings of this meeting. 

4. Philp, R.P. and Calvin, M. Kerogen structures in recently- 

deposited algal mats at Laguna Mormona, Baja California: 

A njodel system for the determination of kerogen structures 
in ancient sediments. Presented at the Second International 
Symposium on Environmental Biogeochemistry In Ontario, 
Canada, April 1975. To be published in the Proceedings 
of this meeting. 

5. Philp, P.P. and Calvin, M. Kerogenous material in Recent 

algal mats at Laguna Mormona, Baja California. Presented 
at the 7th International Meeting on Organic Geochemistry, 
Madrid, Spaw, September 1975. 

6. Philp, R.P. (1975). Kerogen — A ubiquitous source of 

carbon. Accepted for publication in Scientific A mgrican . 

7. Philp, R.P. , Brown, S., and Calvin, y\. (1975). Pyrolysis 

experiments on kerogon-proeursors isolated from recently- 
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deposited algal oozes. To be presented at 197S Geological 
Society of toerica a^etlng. Slat Lake City, Utah, 

October 1975. 

8. Philp, R.P., Toste, A. and Calvin, M. (1975), Early stage 
formation and structure of kerogen-like loaterlal in 
Itecent sediments. Sulanltted for presentation at 1975 
ACS neeting, Los Angeles. 
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Table I. 


Storage or 

WocessiaK conditions 

Total 

sterols 

(ppa) 

ratio 

c ® 
®28 

ratio 

= 2 / 

ratio 

total* 

ratio 

Oi^'o I 






1. lyophilioatlon 

i* solvent extraction) 

S.23 

0.5T3 

0.309 

0.283 

0.396 

S. lyopbilitation 

(+ soj^ett extraction) 

k.l5 

0.576 

0.390 

0.249 

0.406 

3* i?rOH edditioa 

(solvent extraction) 

k .62 

0.623 

0.359 

0.211 

0.367 

Group IX 






aerobic incubation 
(lO months at room temp. ) 
(solvent extraction) 

1.53 

0.815 

0.704 

0.358 

0.550 

5. aerobic incubation 

(10 months in room temp, 
vatsr) 

(solvent s;ctr auction 

1.96 

0.7ii6 

0.537 

0.304 

0.462 

6. aaaercsic incnbatlcn 
(10 months) 

(solvent extraction) 

2M 

0.613 

0.447 

0.259 

0.442 


a: ppa expressed as the ratio: (total sterols/dry wt sediment) x 10^ 

b: ratio oi stanols/total sterols: 5o<“Cholestanol/5«»*-cholestanol + 

' cholesterol 

c; ratio Cgg stanols/total sterols: 5 e><.-caapestanol/53t-caapestanol + brassioastero 
, + caapseterol 

d: ratio of C,- stemols/total Cgg sterol: 5 «^-3tigasastaaol/55^-stigraastanol + 

stigaasterol + ,<3 -sitosterol 

c; ratio of total stanols/total sterols 



Table II 


Honobacteriua 

strain 

Sterols^ 

Total sterols^ 
(opn) 

mannose a 

cholesterol 

stigcasterol 

3.68 


B-sitosterol 


ftcnarate a 

cholesterol 

B-sitosterol 

uiiknovn 

caa^esterol 

IM 

cytosine b 

cholesterol 

^-sitosterol 

campesterol 

brassicasterol 

stigaasterol 

0.97 

nicotinic acid a 

cholesterol 
0 -sitosterol 

0.22 

\ 

glycine b 

-sitosterol 

cholesterol 

caapesterol 

stigoasterol 

\inknown 

brassicasterol (trace) 

3.15 


a: the ster'^I components are listed in order of decreasing abiindance 
vith the cost abundant first. 

b: ppa expressed as the ratio: (total sterols/dry wt bacteria) x IC^ 
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Jablelll. Bound Sterol Fraction 


Hoaobacterium 

strain 


Sterols 


fotal sterols 

(•pra) 


nicotine a 
ssannose a 
fuaarate a 
cytosine b 


none 

none 

cholesterol 

cholesterol 

stigmasterol 

brassicasterol 


trace 

0.24 


a, ppa expressed as the ratio: (total sterols/dry wt, sedJLaent) x 1C 
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Task C (Cont'd.) 


Fiffare 1. Gas chrcauatograas of the ether and heptane soluble aorsal 
acids (as methyl esters) fraa the 3 hour oxidation of the S3. 2 
residue. IMs clearly illustrates that ether extracts the more 
polar dicarboxylic acids and the heptane extracts the slightly 
hi^er molecxilar vei^t, less polar acids. 
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Figarg k. G&s cbroaatograas of the total normal or adducted acids 
{as methyl esters) from the 3 hour oxidations of the residues 
from S3. 3, S3. 2 and S3.1 respectively. S3. 3 is dominated oy 
end vith only minor amounts of the 

{jT -dicarhoxylic acids. However the oxidation products from 
S3. 2 end S3.1 ere dominated hy these dicarboxylic acids. The 
products from S3.1 are more coa^jlex than those from S3. 2 with 
additional homologous series of -methyl hranched acids, which 
were not removed ty urea adduction, and mono-methyl branched 
dicarboxylic acids. 


DETECTOR RESPONSE 
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Figure 3. Gas chromatogrea of sterols frcss Mess sect e 



